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Introduction
Breast cancer is the most commonly occurring cancer in women and is reported to be 
the second leading cause of cancer death among women. Globally, it is the fifth most 
common cancer associated with mortality (Han et al. 2017a). Pakistan, being the sixth 
largest populated country, stands at the crossroad in the battle against cancer. Complex 
cellular mechanisms of cancer cells make it more difficult to understand the molecular 
puzzle of the disease. Apoptosis is a natural cell death process that the biological system 

Abstract 

Nano‑biotechnology‑based clinical applications to cure health‑related issues have 
gained huge attention among the scientific community and hold great promise to 
limit cancer metastasis. In this study, green‑derived silver nanoparticles were synthe‑
sized by using leaf extract of Litchi chinensis. Characterization of biosynthesized silver 
nanoparticles was performed by using UV–Vis spectroscopy, FTIR, XRD, EDS, and SEM 
analysis. The clinical application of green‑drive nanoparticles was investigated by 
using MCF‑7 cancer cell lines. MCF‑7 breast cancer cell lines were analyzed against 
three different treatments. (i) Silver nanoparticles (AgNPs), (ii) miR34a mimics and (iii) 
Co‑delivery of AgNPs and miR34a mimics. Cell viability was determined by MTT assay 
and, extraction of mRNA and cDNA synthesis were performed after successful cellular 
transfection. qRT‑PCR was done for expression analysis of DR4 and DR5 upon exoge‑
nous delivery of all 3 treatments. Results indicate that L. chinensis leaves have a signifi‑
cant amount of phenolic and flavonoid contents and also possess massive antioxidant 
activity. The diameter of nanoparticles was observed in the range of 41–55 nm. It was 
concluded that green‑derived silver nanoparticles can be a potential contributing 
agent for cancer prevention and are reported to upregulate the expression of DR4 and 
DR5 by 0.8‑folds and 3.7‑folds, respectively.
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uses as a filter to destroy abnormal cells. This controlled cell death process is dependent 
upon the upregulation of death receptor 4 (DR4) and death receptor 5 (DR5) involving 
Bcl-2, CASP8, CASP10, Bik, Bak, and many other key signaling molecules (Gaur and 
Aggarwal 2003; Kiraz et al. 2016).

Green leaves of herbal plants are reported to be used from ancient times for medici-
nal purposes. Phenols are the key components of plants possessing scavenging ability 
and anti-proliferative effect because of their structural hydroxyl group. Phenols stimu-
late antioxidant activity by neutralizing highly reactive free radicals, and reactive oxygen 
species, such as peroxide and superoxide, in cells and thereby, reducing oxidative dam-
age and oxidative stress. It is observed that total phenolic contents and total flavonoid 
contents of the selected medical plant leaves have a significant anti-proliferative effect 
(Carvalho et al. 2010; Fu et al. 2011). The flavonoids, phenols, and condensed tannins 
found in litchi leaves have significant antioxidative and anti-inflammatory properties. It 
is also reported to have anti-cancer, diuretic, hypoglycemic, anti-bacterial, anti-platelet, 
anti-hyperlipidemic, and antiviral properties. Olive leaf extract is used as a reducing 
and capping agent for the synthesis of silver nanoparticles. It contains antiviral, antioxi-
dant, antimicrobial, anticancer, anti-inflammatory, and hypoglycemic properties. Green 
tea leaves are believed to have optimal phenolic content and high antioxidant activity, 
because they are rich in bioactive phytochemicals that are used as anti-septic, antican-
cer, and antibacterial agents for valuable medical treatments.

Silver nanoparticle synthesis is reported to be carried out by different methodolo-
gies and it has been shown that the green approach is more efficacious in limiting and 
inhibiting microbial growth and cancer progression, respectively (Ahmed et  al. 2016; 
Iqbal et al. 2018). The characterization of nanoparticles is an essential step for further 
analysis of nanoparticles. Characterization helps to determine the potential size, shape, 
composition, purity, concentration, functional groups, crystalline nature, and morphol-
ogy (Pathak and Thassu 2016). Biosynthesized silver nanoparticles, and microRNA-34a 
(miR-34a) mimics are also believed to inhibit cancer progression by transcriptionally 
modulating the pathways involving p53, Bcl2, and transforming growth factor β (TGF-β) 
signaling molecules, and epithelial–mesenchymal transition (EMT) (Imani et al. 2017).

Non-coding (nc) RNAs are recognized to play a vital role in human growth and nor-
mal development. Among this broad family of ncRNAs, microRNAs have been associ-
ated with the onset of various diseases including cancer. MicroRNA miR34a is clinically 
proven as a master regulator of tumor suppression. Clinical trials of miR34a are under 
investigation to understand the complex molecular networking of cancer progression 
in the human biological system. miR34a is reported to suppress various regulators of 
cancer cell proliferation. It is believed that the expression of miR34a is regulated by the 
guardian of the human genome “p53”. P53-dependent tumor suppression mechanism is 
believed to trigger a protective response in the cell. It is observed that miR34a expression 
is downregulated in many cancers and has the potential to affect over 700 downstream 
transcripts and p53 regulation as well. The objective of this study is exogenous delivery 
of miR34a mimics to restore p53 functionality and induce apoptosis in cancerous cells as 
potential replacement therapy. In addition, silver nanoparticles synthesized by the green 
approach (Litchi chinensis) can also be used as an independent and combined therapy 
against cancerous cell lines.
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Materials and methods
Sample collection

Litchi chinensis leaves were collected from the lychee garden in Sharaqpur, Lahore. 
Olive leaves and green tea leaves were collected from Barani Agriculture Research 
Institute (BARI) Chakwal and Abbottabad tea gardens, respectively. Silver nitrate, 
DPPH, Superscript first-strand system kit (Invitrogen), and bacterial strains were 
available at the Biotechnology laboratory, university of Gujrat. Cancerous cell lines, 
MTT assay and RT-PCR facility were available at collaborative institute IBGE, KRL 
hospital Islamabad. MISSION® microRNA Mimics “hsa-miR-34a” were purchased 
from Sigma Aldrich. Opti-MEM™ Reduced serum medium and lipofectamine 3000 
transfection reagent were purchased from Thermo Fisher Scientific.

Preparation of leaves extract

Leaves of Litchi chinensis, green tea, and olives were selected as source materials for 
the synthesis of silver nanoparticles. To determine the biological activity and efficacy 
of leaf extracts, extracts were prepared by using three different solvents, including 
water, chloroform, and ethanol. 15  g of fine powder of each green source was dis-
solved in 300 ml of each solvent and subjected to a shaking water bath incubator at 
37 °C for 48 h. Each solvent was then filtered through Whatman paper no. 1 by using 
vacuum filtration and further processed to make it more concentrated by using a 
rotary evaporator. Each of the concentrated extracts was transferred to 15 ml falcon 
tubes separately for further biological evaluation or stored at 4 °C (He et al. 2002).

Leaf extracts from all three sources were used to determine their total phenolic 
content, total flavonoid content, and antioxidant activity.

Total phenolic content (TPC)

Total phenolic contents of the three green source extracts (Litchi chinensis, green 
tea, and olive leaves) were determined by using the spectrophotometric method. The 
reaction mixture was prepared by mixing a 20 μl solution of leaf extract (50 mg/ml 
DMSO) of different concentrations in Eppendorf tubes. 490 μl of 50% Folin–Ciocal-
teu’s reagent (FCR) was added into Eppendorf tubes. 490 μl of 6% sodium carbonate 
solution was added to the test tubes. 6%  NaHCO3 and distilled water were added to 
make the total volume up to 1000 μl in an Eppendorf tube. The absorbance was deter-
mined by using a spectrophotometer at 725 nm/760 nm against blank (Abdelhady and 
Badr 2016).

Total flavonoid content (TFC)

Total flavonoid contents were determined by aluminum chloride colorimetric meth-
odology. 20 μl of each plant extract was taken into separate Eppendorf tubes. 60 μl of 
methanol was added to it. 100 μl of 10%  AlCl3 solution was added to each Eppendorf 
tube. 100 μl of 1 M potassium acetate  (KCH3CO2) solution was also added to it. 720 μl 
of distilled water was added to make the total volume of the mixture up to 1000 μl in 
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each Eppendorf tube. The samples were incubated for 30 min at 37 °C in the incuba-
tor. Afterward, the absorbance was determined using a spectrophotometer at 420 nm.

Determination of antioxidant activity

The antioxidant and free radical scavenging activity of all extracts were determined by 
DPPH free radical scavenging method through the spectrophotometer. 15  μl of each 
of the plant extracts was added into a separate Eppendorf tube and freshly prepared 
300 μM DPPH solution (1.5 ml) was then added into each Eppendorf tube to get a final 
concentration of 1000 μg/ml, 750 μg/ml, and 500 μg/ml. After incubation in darkness 
at 37 °C for 30 min, the change in color (from deep purple to yellow) was determined at 
the absorbance of 515 nm using a UV–Vis spectrophotometer. DMSO and ascorbic acid 
were used as negative and positive controls. Each experiment was performed in tripli-
cate (Abdelhady and Badr 2016).

Green synthesis of silver nanoparticles

Litchi chinensis extract was observed to be an ideal candidate among other green sources 
based upon TPC and TFC analysis and was selected as the green source for the onward 
synthesis of silver nanoparticles. 2.5 ml of leaf extract of Litchi chinensis was mixed in 
50 ml of 1 mM aqueous silver nitrate solution. The filtered plant extract was added drop-
wise and a bio-reduction reaction was performed at room temperature (Chatterjee et al. 
2015). Each sample was incubated for 1–2 h and the pH was adjusted to 8 using a pH 
meter.

Characterization of biosynthesized silver nanoparticles

The absorption spectrum of leaf extracts, aqueous 1 mM silver nitrate solution and the 
solution for biosynthesized silver nanoparticles was obtained by using a JASCO UV–
Vis 530 spectrophotometer within the range of 200–800 nm (Awwad and Salem 2012). 
Functional groups responsible for capping and stabilization of nanoparticles were 
detected by Fourier transform infrared analysis (FTIR). Freeze-dried powder of leaves 
extract, and silver nanoparticles were placed on a fresh glass slide and analyzed for the 
FTIR analysis (Awwad and Salem 2012). The crystalline nature of the biosynthesized 
silver nanoparticles was determined by an X-ray diffractometer (XRD). XRD operated 
at 40 kV and 30 mA, while the patterns were recorded using a Cu anode having a Kα 
radiation wavelength of about 1.54060 Å (Khalil et al. 2014). Metallic silver presence was 
detected using energy dispersive spectroscopic (EDS) analysis. The morphology and size 
distribution of silver nanoparticles was determined by scanning electron microscopy 
(SEM).

Cellular transfection of MCF‑7 breast cancer cell line

Human breast adenocarcinoma cell line “MCF-7” (Michigan Cancer Foundation-7) was 
used and cytotoxic activity was investigated by MTT assay (Han et al. 2017b). Transfec-
tion of miR34a and silver nanoparticles into cancerous cells was achieved by using Lipo-
fectamine 3000 transfection reagent and their expression analysis was investigated using 
quantitative RT-PCR.
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MicroRNA (miR34a) mimics are the synthetic version of biomolecules and were pur-
chased from Sigma Aldrich (MISSION microRNA Mimics). miR34a mimics were also 
used in combination with silver nanoparticles to evaluate the co-transfection effect on 
cancer cell lines and to analyze the gene expression of targeted genes exposed to dif-
ferent treatments. Cells were cultured in 96 well plates to achieve 70–90% confluency 
(1–4 ×  104 cells) at the time of transfection. For effective cellular intake of desired micro-
RNA and silver nanoparticles, the optimal result was obtained by using an Opti-MEM 
reduced serum medium.

RNA extraction

After successful MCF-7 cell culturing and growth, transfection of miR34a and silver 
nanoparticles was carried out by using lipofectamine 3000 reagent. RNA was extracted 
from  106 cells, and media was aspirated and washed once with ice-cold PBS. Dead cells 
were removed if any, and 1 ml of trizol was added. Cells were scrabbed briefly and tri-
zol was removed. Trizol cell lysate was shifted into a 1.5 ml Eppendorf tube. Afterward, 
250  μl chloroform was added and shaken vigorously for 15  min. Eppendorf tube was 
incubated for 5 min at room temperature. Centrifugation was performed at 10,000 rpm 
for 5 min. The aqueous layer was removed and shifted into a new Eppendorf tube. 550 μl 
of isopropanol was then added to the aqueous layer and mixed gently. The tube was then 
incubated for 5  min at room temperature and centrifuged at 14,000  rpm for 30  min. 
Samples were placed on ice and the supernatant was discarded. 75% ethanol was added 
to the sample and centrifuged at 9500 rpm for 6 min. The supernatant was discarded. 
Pellet was air-dried and 20 μl of diethylpyrocarbonate (DEPC) treated water was added 
to it.

cDNA synthesis

After successful RNA extraction and purification, RNA quantification was performed by 
nanodrop spectrophotometer and was 1000 ng. Superscript first-strand system kit (Inv-
itrogen) was used for cDNA synthesis. Oligo DT primers, 10 mM dNTPs, DEPC water, 
5× RT buffer, and RNase inhibition were used and centrifuged in PCR tubes. After incu-
bation at 38 °C for 3 min, 1 μl reverse transcriptase was added and incubated at 38 °C for 
50 min to synthesize cDNA. Afterward, the sample was subjected to heating for 15 min 
at 70 °C according to the manufacturer’s protocol and then stored at − 20 °C.

qPCR expression analysis

mRNA expression upon the delivery of silver nanoparticles, miR34a mimic, and co-
delivery of miR34a and silver nanoparticles in cell lines was quantified through qPCR. 
Expression analysis was performed by taking the GAPDH gene as the housekeeping 

Table 1 Primers for genes of interest and housekeeping genes

Genes Forward primer Reverse primer

DR4 5′‑TCC AGC AAA TGG TGC TGA C‑3′ 5′‑GAG TCA AAG GGC ACG ATG TT‑3′

DR5 5′‑CCA GCA AAT GAA GGT GAT CC‑3′ 5′‑GCA CCA AGT CTG CAA AGT CA‑3′

GAPDH 5′‑TGC ACC ACC AAC TGC TTA G‑3′ 5′‑GGA TGC AGG GAT GAT GTT ‑3′
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gene, DR4, and DR5 as target genes (Table 1). Ct value was noted. An average Ct value 
was calculated by the use of the ΔΔC+ and Livak method, while fold difference was 
obtained to measure the expression level of both targeted genes by taking GAPDH as 
an internal control (Livak and Schmittgen 2001). qRT-PCR was performed using SYBR 
Green mini kit according to the manufacturer’s protocol.

Bioinformatic tool to establish signaling pathway

Bioinformatic tool “Genemania” was used to establish molecular signaling pathways of 
targeted genes including DR4, and DR5 that have an important role in the progression of 
multiple human diseases, including cancer.

Results
Total phenolic content (TPC)

The total phenolic content of three different leaf extracts was measured by taking three 
different solvents. For Litchi chinensis leaf extracts, 17.7 ± 0.2 mg/g, 17.2 ± 0.2 mg/g, and 
16.5 ± 0.2  mg/g were observed for aqueous, chloroform, and ethanol solvent, respec-
tively. For green tea leaf extracts, 15.5 ± 0.2 mg/g, 14.9 ± 0.2 mg/g, and 13.2 ± 0.2 mg/g 
were noted by using aqueous, chloroform, and ethanol solvents, respectively. Olive 
leaves extracts had the lowest TPC average of all three solvents (Fig. 1).

Total flavonoid content (TFC)

Total flavonoid content measured in aqueous, chloroform, and ethanol extracts of Litchi 
chinensis was 170.0 ± 0.01  mg/g, 166.0 ± 0.5  mg/g, and 161.0 ± 0.1  mg/g, respectively. 
However, the flavonoid content in green tea ethanol extract was higher 165.0 ± 0.06 mg/g 
than the other two solvents. In the case of olive extracts, the chloroform extract had the 
lowest flavonoid content 158.0 ± 0.1 mg/g (Fig. 2).
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Fig. 1 Total phenolic content (TPC) of leaf extracts while using ethanol, chloroform and aqueous extracts 
individually. Values are expressed in the mean of three ± S.D. LC‑W: Litchi chinensis water; LC‑C: Litchi chinensis 
chloroform; LC‑E: Litchi chinensis ethanol; GT‑W: green tea water; GT‑C: green tea chloroform; GT‑E: green tea 
ethanol; O‑W: olive water; O‑C: olive chloroform; O‑E: olive ethanol
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Determination of antioxidant activity

Significant DPPH radical scavenger activity of aqueous leaf extracts, ethanol, and 
chloroform extracts was examined. The  IC50 value was determined by Graph-pad 
Prism software. As a positive control, ascorbic acid was used and observed  IC50 of 
7.2 µg/ml for DPPH radical. (Table 2). The  IC50 value of green tea was calculated as 
1050 µg/ml, 744.6 µg/ml and 871.0 µg/ml for aqueous, ethanol and chloroform sol-
vents, respectively. For olive leaf extracts the maximum percentage inhibition of 
931.0 µg/ml, 734.2 µg/ml and 825.0 µg/ml was noted by using aqueous, ethanol and 
chloroform extracts, respectively. The  IC50 value of 1228  µg/ml, 1298.6  µg/ml and 
739 µg/ml were noted, respectively.
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Fig. 2 Total flavonoid content (TFC) of leaf aqueous extracts, ethanol extracts, chloroform extract, and Aq: 
aqueous extracts. Values are expressed as the mean of three ± S.D

Table 2 DPPH free radical scavenging activity of leave extracts

Values were calculated as the mean of three ± S.D

EtOH: ethanolic extract; Aq: aqueous extract;  CHCl3: chloroform extract

*p < 0.05 was considered statistically significant

Sr. No. Extract Percentage scavenging

1000 µg/ml 750 µg/ml 500 µg/ml IC50 µg/ml

1 Green tea (Aq) 83.0 ± 2.6* 61.3 ± 0.9* 23.3 ± 0.8* 1050.8 ± 5.4*

2 Green tea (EtOH) 74.4 ± 0.6* 51.6 ± 1.0* 17.7 ± 0.6* 744.6 ± 3.9*

3 Green tea  (CHCl3) 76.4 ± 0.9* 53.2 ± 0.4* 17.6 ± 1.2* 871.0 ± 7*

4 Olive (Aq) 87.4 ± 2.3* 64.4 ± 0.6* 21.8 ± 0.3* 931 ± 6.1*

5 Olive (EtOH) 77.7 ± 2.9* 52.2 ± 1.2* 17.4 ± 1.9* 734.2 ± 3.2*

6 Olive  (CHCl3) 82.2 ± 0.3* 56.8 ± 0.3* 16.5 ± 0.6* 825.0 ± 2.9*

7 Litchi C. (Aq) 85.6 ± 3.4* 64.8 ± 0.6* 33.4 ± 1.0* 1228 ± 5.7*

8 Litchi C. (EtOH) 89.5 ± 1.6* 71.0 ± 2.0* 35.8 ± 0.5* 1298.6 ± 5*

9 Litchi C.  (CHCl3) 78.7 ± 1.6* 51.0 ± 2.5* 7.5 ± 0.7* 739* ± 2.2*

10 Ascorbic acid 98.5 ± 3.3* 94.1 ± 2.5* 91.3 ± 2.8* 7.2*
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Characterization of biosynthesized silver nanoparticles

The green synthesized silver nanoparticles were characterized by different methods, 
including UV–Vis spectroscopy, X-ray diffraction method, Fourier transform infrared 
spectroscopy, Energy dispersive spectroscopy, nano-size analyzer, and scanning elec-
tron microscopy.

UV–Vis spectroscopy

In the present study, 1 mM silver nitrate, green synthesized AgNP, and Litchi chinen-
sis leave extract were analyzed by UV–visible spectrophotometer in the range of 200–
800  nm (Fig.  3). Aqueous  AgNO3 solution was observed without any characteristic 
peak. However, in the case of Litchi chinensis leave extract, few peaks were observed 
due to the presence of phytochemicals. The silver nanoparticle showed maximum 
absorption (λmax) at 417 nm. This was a characteristic peak for the confirmation and 
initial characterization of silver nanoparticles (Iqbal et al. 2018).

Fig. 3 UV–Vis spectrum of AgNP. a Silver nitrate solution, b biosynthesized silver nanoparticles; c Litchi 
chinensis leaf extract

Fig. 4 FTIR spectra of leaf extract of L. chinensis and silver nanoparticles
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Fourier transform infrared analysis (FTIR)

Biosynthesized AgNPs and Litchi chinensis extract were subjected to FTIR analysis for 
a comparative study of functional groups of both samples (Fig. 4). The absorption bands 
of leaf extract at 3363  cm−1, 2933 and 2361  cm−1, 1626 and 1321  cm−1, 1054  cm−1 and 
1369   cm−1 were caused by stretching vibration of O–H group, C–H-related groups, 
C=O group, C–O group, and bending of –CH bond into –CH2, respectively. Below 
1000  cm−1, the absorption band at 807  cm−1 indicates the presence of the aliphatic C–H 
group. FTIR analysis of the biosynthesized AgNPs demonstrates the absorption bands 
at 3201   cm−1, 2357   cm−1, 1560   cm−1, and 1321   cm−1 which were caused by stretch-
ing vibration of O–H group, stretching of alkyne bond in C=N group, involvement of 
secondary amines in the reduction process, and the presence of di-alkyl or aryl sulfone, 
respectively. Below 1000  cm−1, the absorption band at 997  cm−1 was caused by aromatic 
alkenes.

X‑ray diffraction analysis

X-ray diffraction analysis was performed to identify the crystalline nature of silver nano-
particles by obtaining characteristic peaks at 38.20°, 44.02°, 64.29°, and 77.22° that were 
attributed to 111, 200, 220, and 311 planes of nano-crystalline silver, respectively (Fig. 5). 
Two small peaks observed at 32° and 46° (star shape) were due to the presence of  Ag2O 
as an impurity, while other small peaks indicated the noise. The same result of XRD has 
been already published in our preliminary research (Iqbal et al. 2018).

Energy dispersive spectroscopy (EDS)

The presence of metallic silver particles was determined by energy dispersive spectros-
copy. The absorption band for silver metallic atoms was recorded at a 2.984 keV band 
position. The atomic percentage of silver was noted as 0.76%, with 25.61 counts. The 
counts for silver metallic atoms were low, since drops of AgNPs were coated on silicon 
wafers for SEM and EDS. On the other hand, a strong peak of silicon was observed at the 
1.739 keV band position due to the preparation of the sample on silicon wafers (Fig. 6).

Scanning electron microscopy (SEM)

SEM analysis was used to determine the shape and size of AgNPs by placing a drop of 
AgNP solution on a silicon wafer in SEM. Well dispersed spherical NPs with a diameter 

Fig. 5 X‑ray diffraction pattern of biosynthesized silver nanoparticles
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range of 41–55 nm were observed (Fig. 7). Larger sized nanoparticles were the result of 
the aggregation of smaller ones.

Cellular transfection of microRNA34a mimics and silver nanoparticles

MCF-7 cell line was selected to investigate the treatment response and to evaluate the 
anticancer potential by using three different treatment strategies. (i) Micro RNA34a 
mimics (miR34a), (ii) silver nanoparticles, (iii) co-delivery of miR34a mimics with silver 
nanoparticles. Transfection was successfully achieved by using OPTI-MEM media and 
Lipofectamine 3000 as a transfecting reagent. All the experimental procedures were per-
formed in duplicate (Additional file 1).

Fig. 6 Energy dispersive spectroscopy of biosynthesized silver nanoparticles

Fig. 7 Scanning electron microscope image of biosynthesized silver nanoparticles



Page 11 of 14Iqbal et al. Cancer Nanotechnology           (2022) 13:31  

RNA isolation, cDNA synthesis, and mRNA expression analysis of targeted genes 

by qRT‑PCR

After successful transfection of miR34a mimics and AgNPs in the human MCF7 
breast cancer cell line, RNA was extracted and subjected to quantitative real-time 
PCR for comparative expression analysis by taking GAPDH as a housekeeping gene, 
and to evaluate the expression of “DR4 and DR5” genes that play a crucial role in the 
onset of apoptosis.

For the comparative gene expression analysis, housekeeping genes Glyceraldehyde-
3-phosphate dehydrogenase “GAPDH” was used. Expression levels of GAPDH mRNA 
were measured by using qRT-PCR with specific target genes DR4 and DR5.

Amplification of targeted genes DR4 (TNFRSF10A) and DR5 (TNFRSF10B) was 
performed by qRT-PCR (Additional file 1). Results indicate that the expression of DR4 
was up-regulated by 0.8-fold and 0.5-fold after treatment with green-derived silver 
nanoparticles and miR34a mimics, respectively. Likewise, the expression of DR5 was 
also up-regulated by 3.7-folds and 1.0-folds after treatment with green-derived sil-
ver nanoparticles and miR34a mimics, respectively. Whereas, co-delivery of miR34a 
mimics and silver nanoparticles together down-regulate the expression of DR4 and 
DR5 by 0.3-folds.

Comparative qPCR expression analysis of DR4 and DR5

Comparative analysis of DR4 and DR5 genes was performed by taking GAPDH as an 
internal control. After three different treatments, it was concluded that green-derived 
silver nanoparticles from Litchi chinensis leaf extract are more efficient against cancer, 
particularly in the case of DR5 when compared with DR4 by using silver nanoparti-
cles individually. However, when compared with the co-delivery of silver nanoparti-
cles with miR34a mimics, a decreased expression was observed (Fig. 8).
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Fig. 8 Comparative expression analysis of DR4 and DR5 by taking GAPDH as an internal control. Silver 
nanoparticles alone show higher expression than the other two treatments
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DR4 and DR5 signaling interaction with Casp8 and Casp10 to induce apoptosis

Bioinformatic tool (Genemania) was used to establish a supporting link that DR5 
(TNGRSF10B) has significant interaction with Caspase 8 and Caspase 10. These cas-
pases cascade plays a decisive role in apoptotic stimulation by targeting the Bcl-2 pro-
tein (Fig. 9). These findings also highlighted the important role of DR5 to induce cellular 
apoptosis by using silver nanoparticles. Silver nanoparticles are also reported to directly 
interact with p53 and negatively regulate Bcl-2 (Gurunathan et al. 2015).

Conclusions
Cancer heterogeneity and multiple drug resistance behaviors make it difficult to limit 
the abnormal growth of cancer cells. To improve the therapeutic effect against cancer 
growth, nanotechnology-based pharmaceutical strategies could be a significant tool. 
In this study, nanoparticles were synthesized using Litchi chinensis leaf extracts. Litchi 
chinensis leaf extracts are reported to have an optimum antioxidant potential, and suf-
ficient phenolic and flavonoid contents. In addition to nanoparticles, miR34a mimics 
were also incorporated to determine their anti-cancer by evaluating the expression of 
targeted genes. Successful cellular transfection was achieved by using lipofectamine 
2000 in MCF-7 cell lines.

It has been shown that apoptosis is directly associated with DR4 and DR5 pathways. 
The expression of both genes was investigated after successful delivery of silver nano-
particles, miR34a mimics, and co-delivery of silver nanoparticles and miR34a together. 
It was observed that transfection of silver nanoparticles upregulated the expression of 
DR4 and DR5 by 0.8- and 3.7-folds, respectively. miR34a was noted to upregulate the 

Fig. 9 DR4 (TNFRSF10A) and DR5 (TNFRSF10B) signaling pathways to induce apoptosis
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expression of DR4 and DR5 by 0.5- and 1.0-folds, respectively. Surprisingly, the co-
delivery of miR34a mimics and silver nanoparticles reduced the expression level of both 
genes. It can be concluded that the co-delivery of silver nanoparticles and miR34a mim-
ics compete with the promotor binding region of all the targeted genes. But still, more 
research investigations regarding molecular mechanisms in the future involving human-
ized mice models are required to determine active compounds in Litchi chinensis and 
use a nano-coating approach to target the molecular sites specifically.
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